&qsit!.on against EP 0 702 555 
:er Limited 

ponent: Bristol-Myers Squibb Company 
r,f?ef.: C 2778 EP/OPP WUKLD 1 



NTELLECTUAL PROPERTY' ORGANISATION 
International Bureau 




D 11 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification : 
A61K 31/35, 31/445, 31/535 



Al 



(II) International Publication Number: WO 89/10123 

(43) International Publication Date: 2 November 1989 (02.11.89) 



(21) International Application Number: PCT/EP89/0041 7 

(22) International Filing Date: 19 April 1989 (19.04.89) 



(30) Priority data: 

20299 A/ 88 



22 April 1988 (22.04.88) 



IT 



(71 ) Applicant (for all designated Slates except USt: RECORDA- 

TI S.A. CHEMICAL AND PHARMACEUTICAL 
COMPANYICH *CH]: Corso S. Gottardo. 54, CH-6830 
Chiasso (CH). 

(72) Inventor: and 

(75) Inventor/Applicant tf&'r IS onh y ; RUFFMANN, Ralf (IT/ 
IT]; Via Civitali. 1. 1-ZOiOO Milano (IT). 

(74) Agent: BIANCHETTI. Giuseppe: Studio Consuienza Bre- 
vettuale, Via Rossini. *. 1-20122 Milano [IT). 



(81) Designated States: AT (European patent), AU BE (Euro- 
pean patent) CH (European patent), DE (European pa- 
len ^£^ FR (European P atenl ), GB (European pa- 
tent), HU IT (European patent), JP, KR. LU (European 
patent) NL (European patent), SE (European patent). 
bU, US. 



Published - v.*^ 

With international search report. 



(54) Title: FLEVOXATE AND DERIVATIVES FOR ERECTILE DYSFUNCTIONS 
(57) Abstract 

Derivatives of 3-meth\inavon-8-carboxyli c acid are useful for the treatment of penile erectile exjunctions and for di 
nostic methods of erectile impotence. ' 



aa- 



WO.89/ 10123 1 

** * , • • • • • 

FLEVOXATE AND DERIVATIVES FOR ERECTILE DYSFUNCTIONS 

This invention relates to the use of 3-methy 1 -f la- 
von-8-carboxylic acid and derivatives thereof for the 
preparation of a drug for the treatment and for the 
diagnosis of erectile impotence. 
5 In particular, the invention relates to pharma- 

ceutical compositions for the treatment of erectile 
impotence containing as the active principle 2-methylf la- 
von-8-carboxylic acid or a derivative thereof of formula I 



15 




( I ) 



wh erein: 

A is a linear or branched C -C_ alkyl residue and 

1 D 

Z is a dimethy lamino , diethy lamino , di-n-prcpylamino, di - 
20 isopropylamino, piperidino or morpholino residue, 
or pharmaceutical ly acceptable salts thereof. 

Compounds of formula I are known (US Patent No. 
2.921.070) and particularly one of them, methylf lavone-6- 
carboxylic acid 2-piper idinoethy 1 ester ( f lavoxate) is used 
25 in therapy peculiarly for its antispasmodic activity on 
the smooth muscle of the bladder, ureter and uterus 
(Ruffmann R., Drug Exp. Clin. Res., 1 3 , 57, (1987 )) and it 
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has also been shown that Flavoxate accumulates preferen- 
tially in the cenito-urinary tract (Inoue £ . et al . , 
Jyakur.in Kenkyu, 6, 260, ( 1975 )). Flavoxate is a very well 
tolerared drug; the large therapeutic index found in 
5 preclinical studies (C. Pietra et al . , 11 Farmaco Ed. 
Prat., 4 1 , 267, ( 1986 )) and the absence of "serious side 
effects during clinical application, attest its excellent 
toleracility. Particularly, cardiocirculatory complica- 
tions have never been reported. 3-methy 1 f lavon-8-car bo- 
10 xylic ac id ( MFCA ) is the main metabolite of flavoxate- In 
terms cf pharmacokinetics and - dynamics MFC A is most 
similar - o flavoxate. 

Erectile dysfunction is a well known and common 
disease, cf vascular, hormonal, neurogenic or psychogenic 
15 origir. which causes impaired penile erection. 

The insufficient erectile ability of the penis has 
serious implications for psychological, physical and 
social well-being of the afflicted individuals. Self 
confidence in particular, and quality of life in general, 
20 are strongly reduced. 

Since vascular surgery holds reasonable chances of 
success only in a limited number of cases, additional 
attempts to treat this disability have led to various 
therapeutic approaches. Prosthetic devices that are 
25 implanted in the penis to mimic erection or are located 
outside in the scrotal sac or in an" adjacent area to 
stimulate for instance to trasmitting electrical energy to 
the nervi erigentes . Pharmacological substances which are 
also injected directly into the corpora cavernosa ,^ where 
30 they increase the inflow of blood and consequently 
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generate tumescence cf the penis, are also used. 

However, all these methods have evident disadvanta- 
ges, causing strong psychological apprehensions and also 
. physical discomfort. 

5 Among the pharmacological substances, 6,7-dimetho- 

xy- 1 -ver airy 1 isocuinoline (papaverine) and/or alpha 
blocking agents (as for example phentolamine ) are the most 
frequently used to induce human penile erection and need 
to be injected cirecly into the corpora cavernosa. This 
10 procedure has been shown to be most efficient for arterio- 
genic erectile dysfunctions. Usually the treatment begins 
with a first injection, performed by a physician as a 
diagnostic step to differentiate between arter iogenic , 
osychogenir and the other forms of erectile dysfuntions. 
15 In many cases of psychogenic dysfunction this single 
injection is sufficient to obtain a curative result. If 
further injections are required, these can be performed 
either by the physician (office-injection) or by the 
oatient hi -self (auto-injection) . 
20 The major drawback of papaverine and/or alpha 

blockers in erectile dysfunction is the risk of prolonged 
and painful erection (priapism) which occurs with a 
certain frequency. 

Further serious complications are of car diocircula- 
25 tory nature such as arterial hypotension and hypotensive 
shock which represent typical toxicity of these agents. In 
some cases fatalities have been reported. Both, papaverine 
and alpna blockers have a narrow therapeutic index (ratio 
between the lethal dose and the effective dose) and 
20 absolute cr relative overdosing can occur especially 
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during self injections. 
k Objects and summary of the invention 

The shortcomings of " " available therapeutic 
modalities as described above are quite evident, 
5 Useful pharmaceutical agents for the induction and: 

maintainance of penile erection with low toxicity and easv; 

..».„„..,„. ,..,„,„ „,; ... _ ...„j 

tially needed and hence are the • target of intehse! 
research. 

10 It has now been found that 3-methylf lavon-8-carbo- 

xylic acid and compounds of formula I have a relaxing 
activity on human corpus cavernosum tissue which is 
comparable to nhe activity exerted by papaverine during 
the same experiments. This finding is new and surprising 

15 in as much as previously it has been consistently unable 
to identify any relaxing activity on vascular smooth 
muscle for flavoxate or MFC A . Any therapeutic activity for 
erectile dysfunctions has never been reported either.. 

In fact, numerous investigations in vitro and in 

20 vivo , also versus papaverine, had failed to confirm a 
hypothesized and postulated vasodilating activity of 
flavoxate. Consequently initial high hopes to develope and 
market flavoxate as a coronary dilating agent had to be 
abandoned. 

25 On the other side, the absence of a vasodilating 

activity, resulted in a complete and most beneficial lack 
of cardiovascular type side effects. 

, The results obtained in a pharmacological 
experimentation using flavoxate and MFCA in comparison 

30 with papaverine are hereinbelow reported. 
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Methods 

Human tissue was obtained from patients undergoing 
penile rrothesis implantation. 

Biopsies of human corpus caver nosum tissue were 
5 obtained in the operating room and immediately placed in 
chilled !4°C) physiological salt solution of the following 
millimclar composition: NaCl 118.3; KC1 4.7; MgSO^ 0.6; 

KH 2 P °4 i-2; CaC1 2 * 5; NaHC0 3 25 - 0 '* Calcium EDTA 0.026 and 
glucosic 11.1. 

10 The solution is gassed with 95% 0 , 5% CO ; pK 

maintained at 7.4 and temperature at 37°C. 
Isometric tension measurement 

Iscrr.etric tension was measured thr ought the 
exper irr.er.- with a tension transducer (Grass FT03, Quincy, 

15 MA). The strips of corpus cavernosum were fixed with silk 
ties or. cr.e end to the electrode support and the other end 
to a wire connected to the force transducer . 

The strips were allowed to equilibrate for a period 
of approximately three hours. The optimal isometric 

20 tension fcr contraction was determined during this period 
by stepwise stretching of the tissue followed by 
contrac-icn with 40 mM KC1 or 10~ 6 M phenylephrine. 
Whenever the potassium or phenylephr ine-induced 
contraction was within 10% of the previous contraction, 

25 that tension was considered optimal for isometric 
contraction. In all tissues, a standardized three hour 
equilibration period and isometric tension determination 
study was utilized. In this fashion, the effect of a 
molecule cn a tissue was able to be compared to the effect 

30 of the same molecule on different corpus cavernosum 
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tissues. 

To study contraction, the tissue was maintained at 
the baseline tension. To study relaxion, the tissue was 
contracted with different agents. 
5 Agents 

Drugs were provided in powder form. Stock solutions 

were mace in distilled water. For papaverine and flavoxate 

-4 

the maximal concentration reached 10 M. At higher 
concentrations, these molecules would become out of 
10 solution. Drugs were introduced to the chamber by cumula- 
tive additions in one half log increments. 
Calculations 

Data is given as means +/- SE. Relaxation are 
expressed as the percentage relaxaticn for the maximal 
15 relaxation produced by 10 ^ M sodium nitroprusside • 
Results 

1) Responses of human corpus caver no sum to papaverine, 
flavoxate and MFCA at baseline tension. 

None of the molecules tested demonstrates any 
20 contractile effects of human corpus c avernosum tissue. Two 
experiments were performed for each molecule. 

2a) Responses of human corpus cavernosum ( HCC ) to 
papaverine HCl at contracted tension. 

-4 

Papaverine, at concentration of 10 M, induced 

* ■ 

25 relaxation in HCC contracted with norepinephrine, PG F2 
alpha or potassium. " Maximal relaxations to the 
concentration were: 89.9 + 3.1%, 90% and 91.6 + 1.6% of 
maximal relaxation, respectively (see figures 1-3) • The 
threshold for the response to this drug was approximately 



WO 89/10123 . . P.CT/EPJ89/iW)417 

* " ' * • 4 • * » • m « 

— * 7 — » « * • * 

Tipically the relaxation response to papaverine was 
slow in onset, requiring more than 10 minutes to reach 
maximal effect (see figure 1)- It was difficult to wash 
out the effect of papaverine. Repeated washes were 
5 required before the tissue recovered the ability to 
contract: normally* 

2b) Responses of HCC to flavoxate HC1 at contracted 
tension. 

Flavoxate, up to 10 M, induced relaxation of HCC 

10 contracted with norepinephrine, PG F2 alpha or potassium. 

Maximal relaxations to this concentration were: 7 3.1 +/- 

7.7%, zi +/- 13.2%, and 55.5 +/- 2 3% of maximal 

relaxa - ::r. , respectively (see figures 1-3). The threshold 

for the response to flavoxate was approximately 3 x 10 ° 

15 M . The relaxation response was slow in onset and several 

minutes were required before the maximal relaxation 

-4 

response to 10 M flavoxate was achieved. 

2c) Responses of HCC to MFC A Na Salt at contracted 
tension. 

20 M?CA was easily put into solution and was tested to 

-4 

a concentration of 3 x 10 M. It induced relaxation of 

HCC contracted with norepinephrine, PG F2 alpha or 

potassium. Maximal relaxations to 3 x 10-4 M was: 54.2 +/- 

5.4%, 92.8 +/- 3.5%, and 62% of maximal relaxation, 

25 respectively ( seee figures 1-3). The threshold of HCC for 

-4 

relaxation by MFCA was 10 M for norepinephrine and 
potassium contracted strips and 10 5 M for PG F2 alpha 
contracted tissue . 

From what above reported, it is evident how 
30 3-methylf lavon-8-carboxylic acid and its basic esters of 
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formula I, particularly f lavoxate, may be conveniently 
used in human therapy for the treatment of erectile 
impairment s - For this purpose, pharmaceutical compositions 
suited for the oral, topical or parenteral 

5 ( intr acaver nous ) administration are provided. The oral 
administration is particularly convenient for its 
compliance and it is moreover useful as support therapy in 
patients who otherwise undergo papaverine or 
alpha-blockers injection. This regimen allows a reduction 

10 of the papaverine and alpha-blocker dosage and improves 
therefore the safe use of these, agents. The doses for an 
effective treatment of erectile impairments will depend on 
usual factors such as kind and seriousness of the 
pathology and patient's weight; nevertheless, a daily oral 

15 dose cf 1 . 200 mc proved to be generally effective and 
well-tolerated. Lower dosage are obviously required in 
case of intr acavernous injection. Transdermal administra- 
tion forms may also be "particularly convenient. The 
preparation of pharmaceutical forms is within the skill of 

20 any expert in the field and it is described for instance 
in Remington's Pharmaceutical Sciences Handbook, Hack Pub. 
Co., N.Y. USA. 
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CLAIMS 



1. use of 3-methylf lavon-8-carboxylic acid or a deri- 

vative thereof of formula I 




<I) 



10 



wherein : 

A is a linear or branched C -C. alkyl residue and 

1 b 

Z is a cimethylaaiino, diethy lamino , di-n-propylammo, 
15 diisopropylamino, piper idino or morpholino residue, 
or pharmaceutic ally acceptable salts thereof, 
for the preparation of a medicament for the treatment and 
diagnosis of erectile dysfunctions. 

2. The use of 3-methylf lavon-8-car boxy lie acid or of a 
20 pharmaceutically acceptable salt thereof for the prepara- 
tion of a medicament for the treatment and diagnosis of 
erectile dysfunctions . 

3. The use of 2-piper idino-ethy 1 3-methylf lavon-8-car- 
boxylate or of a pharmaceutical ly acceptable, salt thereof 

2 5 for the preparation of a medicament for the treatment and 
diagnosis of erectile dysfunctions. 

4. Pharmaceutical compositions for the treatment of 
erectile dysfunctions comprising an effective amount of 
3-methylf lavon-8-carboxylic acid or of a salt or 

30 derivatives of formula I 
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(I ) 



wherein: 

A is a linear or branched C -C_ alkyl residue and 
10 2 is a dimethylamino, diethy lamino , di-n-propylamino 
diisopropylamino, piperidino or morpholino residue, 
or phar.r.aceut ically acceptable salts thereof , 
in acr.ixnure with a suitable carrier. 

5. Pharmaceutical compositions according to claim 4 

15 suited for the oral, topical or parenteral administration 
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